The European water framework directive (WFD) aims at achieving good ecological status of water bodies, which implies assessment of their current ecological quality status in respect to defined reference (pristine) conditions. In this paper, two historical biodiversity datasets (from 1920s and 1950s) and results from the recent inventory are used to trace the long-term changes of the macrozoobenthos in the eutrophic boreal lagoon of the Baltic Sea.
Introduction
Enclosed water bodies (e.g. bays, coastal lagoons, etc.) have undergone drastic changes during the last decades. Being directly impacted by processes in the drainage basin, many of these systems in the Baltic Sea with nutrients (e.g. Cederwall, Jermakovs, & Lagzdins, 1999; Ezhova, Ż mudzinski, & Maciejewska, 2005; Maslowski, 1993; Olenina & Olenin, 2002; Zmudzinski, 1997) . Rate of species introductions was also increasing during the last century and resulted in structural and functional changes of local communities (Olenin & Leppa¨koski, 1999) .
The European water framework directive (WFD) establishes a framework for the protection of all waters and aims at achieving good ecological status. One of its main tasks is the classification of water bodies into different types assessing their ecological quality status in respect to defined reference (pristine) conditions. Reference conditions for biological parameters could be defined using modelling approaches, historical datasets and existing information on not impacted sites or expert judgement. However, historical information containing biodiversity list is usually the only source of data on the status of water bodies for periods long time ago.
Here we test the use of historical biodiversity datasets in tracing the long-term changes of macrozoobenthos diversity in the eutrophic boreal lagoon. We present results of an extensive faunistic inventory of major macrozoobenthic groups of the Curonian Lagoon. Then, these results are compared with two historical datasets originating from the beginning (Szidat, 1926) and the middle (Gasiunas, 1959) of the 20th century.
Materials and methods
The Curonian Lagoon, the largest coastal lagoon in the Baltic Sea, is a highly eutrophicated water body (Olenin & Klovaite, 1998) . The mean water depth is 3.7 m. The enclosed shallow lagoon has a narrow connection to the Baltic Sea in the north and is exposed to the freshwater discharge of the river Nemunas (Memel) in its central part (Fig. 1) . Therefore the southern and central parts of the lagoon are freshwater, while the northern part is oligohaline with irregular salinity fluctuations from 0 to 8 psu.
The historical information on macrozoobenthos in the Curonian Lagoon comes from two major studies. The investigations of Szidat (1926) were carried out in 1925 but the species list also includes information from earlier studies. Later on, the most extensive inventory of the macrozoobenthos in the lagoon was performed during several surveys in 1951 and in the period from 1954 to 1957 (Gasiunas, 1959) .
In September 2004, 22 littoral stations were visited in the Lithuanian part of the Curonian Lagoon (Fig. 1) . The bottom macrofauna was collected in depths down to 1 m using a hand net. Three different types of habitats (reeds, mixed sediment and soft bottoms) were sampled separately and present in a station. For each of these sample-units, we collected organisms by stirring and removing the surface sediments to a depth of about 5 cm. Invertebrates were also collected from stones and macrophytes. During the survey, 38 samples were taken spending approx. 10-15 min per sampling. Geographic coordinates, salinity, type of sediment, exposure (sheltered/exposed) and the distance from the shoreline were noted for each sampling site.
The collected fauna was preserved with 4% formaldehyde and a standard proceeding of samples was carried out in the laboratory. All identified taxonomic groups of organisms were classified as rare (abundanceo10 ind. sample À1 ), common (10-100 ind. sample À1 ) or abundant (4100 ind. sample À1 ). Different taxonomical groups were analysed with unequal quality of expertise. We completely covered the groups of molluscs (Gastropoda, Bivalvia) and malacostracan crustaceans, whereas oligochaetes and leeches were identified by assistance of taxonomical experts. Similarly taxonomic assistance was used to identify insects but most of them as well as other macrozoobenthos groups were identified to higher levels of taxonomic hierarchy only.
For comparison of recent data, both historical studies (Gasiunas, 1959; Szidat, 1926) were consulted. Taxonomic nomenclature used in these studies was revised before the comparison (e.g. Costello, Emblow, & White, 2001; Glo¨er & Zettler, 2005; Malicky, 2005; Nesemann & Neubert, 1999) . Sampling design characteristics are compared in Table 1 (but see Discussion for more details).
Results
During our study, the benthic fauna was composed of 18 main zoological groups comprising a total of 174 taxa (see Appendix A.1 list), identified for the most part of animals at species (82%) or genus (13%) level. The groups of highest species diversity were the Gastropoda (32 species), Oligochaeta (26), Bivalvia (21), Hirudinea (21), Diptera (21) and Crustacea (17). The species diversity of other taxonomical groups was much less pronounced: Trichoptera (8), Coleoptera (7), Odonata (4), Heteroptera (4), Ephemeroptera (4), Cnidaria (2), Turbellaria (2), Porifera (1), Nemertini (1), Polychaeta (1), Megaloptera (1) and Arachnida (1).
Approximately a quarter (41) of species or higher rank taxa occurred in a single station only, whereas more than half (90) were found in less than 5 stations (occurrence o20%) (Fig. 2) . Consequently, less than 15% (25) of all identified taxa reached occurrence of 50% or more (Fig. 3) .
The gastropod Bithynia tentaculata, the bivalve Dreissena polymorpha, the oligochaete Stylaria lacustris figure) . We found 12 euryhaline species with the polychaete Marenzelleria neglecta, the hydroid Cordylophora caspia and the crustaceans Balanus improvisus, Corophium volutator, Corophium lacustre, Gammarus duebeni, Gammarus oceanicus, Gammarus zaddachi, Praunus flexuosus and Palaemon elegans as the most characteristic for this group. Living specimens of freshwater neritid gastropod Theodoxus fluviatilis also occurred exceptionally with the above-mentioned species; however empty shells were recorded at 3 stations in the inner part of the lagoon.
The rest of species were mainly discriminated by two different habitat types -macrophytes-dominated bottoms and stony beds colonised by zebra mussels. In the presence of macrophytes, the bottom macrofauna was mainly consisting of gastropod molluscs (e.g. Planorbis planorbis, Planorbis carinatus, Planorbarius corneus, Physa fontinalis, Radix balthica, Bithynia leachii, Gyraulus crista, Gyraulus albus, Lymnaea stagnalis and Anisus vortex), whereas stony bottoms and zebra mussel beds were predominantly inhabited by crustaceans (O. crassus, P. robustoides, Chaetogammarus warpachowskyi, Limnomysis benedeni and Paramysis lacustris), bivalves (Pisidium supinum, Pisidium nitidum and Sphaerium corneum) and some other gastropod species (Stagnicola palustris, Radix auricularia and B. tentaculata).
The first compilation of macrozoobenthos of the Curonian Lagoon (Szidat, 1926) contained 78 species of 18 higher taxonomical groups. Out of them 45 species were the same as found in our inventory and 34 species which did not occur in our samples (Fig. 4) . On the other hand, 129 species detected during our survey were not included in Szidat's list. Two groups (Ephemeroptera and Odonata) were not covered by him, while bryozoan Plymatella repens was reported only in this older study. Particularly the species of Turbellaria, Coleoptera and Heteroptera were more extensively represented in Szidat's study. The greatest congruence between our results and Szidat's list exists for gastropods and bivalves. We did not find two gastropods Borysthenia naticina and Radix labiata recorded during the historical inventory, whereas 16 gastropod species were confirmed and 18 species were additionally found. Among species in the later group relatively conspicuous Lithoglyphus naticoides, R. auricularia, Acroloxus lacustris, Gyraulus albus and Gyraulus crista are found with the occurrence higher than 40%. Among bivalves we found all the species mentioned in the Szidat's list, whereas all 10 species of the genus Pisidium (except largest in size Pisidium amnicum) were not mentioned in the historical list. Similarly, relatively common Sphaerium solidum (occurrence 36%), large Unio tumidus (36%) and Anodonta cygnea (18%) were not found in the beginning of 20th century. Within the group of Crustacea, only 4 species (Asellus aquaticus, B. improvisus, Chelicorophium curvispinum and Gammarus zaddachi) were recorded in both studies.
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In the early 1950s (Gasiunas, 1959) , 157 species of 16 higher taxonomical levels were counted excluding Nemertini, Coleoptera and Arachnida, but reporting the presence of Nematomorpha species, which were not found in our survey. Our recent survey confirmed presence of 61 species reported in early 1950s, while 113 species from our results were ''new'' and 96 species were not observed (Fig. 5 ). In particular, the species of Diptera and Odonata were more represented in the Gasiunas' list. Similarly to comparison of our results with Szidat's data, the greatest congruence between two time periods occurred for molluscs, but also was high for crustaceans.
Considering datasets for all three time periods macrozoobenthic diversity for the Curonian Lagoon covers 286 macrozoobenthic taxa (Fig. 6 ). The present study covered almost all taxonomic groups and only the species-poor groups of Nematomorpha and Bryozoa were not found. Some taxonomical groups and particularly those belonging to the insects were underrepresented in our inventory: from 59 potentially occurring species of Diptera only 21 and from 20 Odonata species only 4 were identified. The highest similarity in results was found for Gastropoda, Bivalvia, Oligochaeta, Hirudinea and Crustacea.
Summarising the results, our recent survey confirmed presence of 22 gastropod species reported earlier, 6 of them being missing in 1920s and 3 in 1950s. We did not find 4 gastropod species mentioned in earlier studies with 2 of them (B. naticina and R. labiata) found in both previous studies and another 2 (Anisus spirorbis and Hydrobia ventrosa) during 1950s only. On the other hand, we found 10 gastropod species (Ancylus fluviatilis, Bithynia troschelii, Gyraulus albus, Gyraulus crista and Gyraulus riparius, Hipeutis complanatus, Marstoniopsis scholtzi, Segmentina nitida, Stagnicola corvus and Valvata cristata), which have not been mentioned neither in the list from 1920s nor among species found 1951-57.
Among bivalves, presence of all 12 species mentioned in earlier studies was confirmed, whereas 9 species found in the recent survey were not included in earlier lists: 7 of the later species belong to the genus of Pisidium, whereas another two are A. cygnea and S. solidum. . Inventory of all 286 macrozoobenthic taxa of the Curonian Lagoon found during the last 100 years (Gasiunas, 1959; Szidat, 1926 and this study). The numbers found during this study are indicated by black bars. Species only found during historical surveys are indicated by grey bars.
them being reported earlier and confirmed by our study, 6 were mentioned earlier and not observed in our study, whereas 11 were not mentioned in the Szidat's and Gasiunas studies. More than 50% of the crustacean species are allochthonous and 7 (out of 17 species in total) invaded the lagoon after the investigations of Szidat and Gasiunas.
Discussion
The present study was focused on the macrozoobenthos diversity in the largest lagoon of the Baltic Sea. Due to the high substrate variability and the high freshwater input from the Nemunas River, the Curonian Lagoon belongs to one of the most macrozoobenthos diverse estuaries of the Baltic Sea (e.g. in comparison with Vistula Lagoon, Stettin Lagoon, Boddens of Darß-Zingst) (Ezhova, Ż mudzin´ski, & Maciejewska (2005) , Gu¨nther, 1998, own results) . Investigated littoral habitats showed considerably higher species diversity than soft bottoms in the open lagoon. Long-term monitoring and other surveys performed during the period from 1980 to 2000 reported 85 species altogether (oligochaetes, chironomids and insects excluded) in the open parts of central and northern lagoon (Daunys, 2001 ). All organisms identified to the species level were also found in our survey and most of them have been determined as common in the lagoon. Similarly, in 5 littoral stations in the Strait area and adjacent waters we found 31 macrofauna species (excluding oligochaetes and chironomids), whereas 7 of those only have been mentioned after visiting 30 sites 3 times in the same year (Bubinas & Vaitonis, 2005) . On the other hand, during seasonal sampling, these authors found some accidental brackish water species (Mytilus edulis, Macoma balthica, Praunus inermis, Crangon crangon, Euridice pulchra, Idotea chelipes), which we did not observe. Generally, this indicates that our littoral survey covers well the species, which permanently inhabit the lagoon; however, it may overlook taxa (originally from the marine waters off the estuary) occurring in the lagoon sporadically.
Three potential sources of differences in the results from three time periods can be identified: (1) different sampling efforts and methods, (2) differences in level of emphasis on distinct zoological groups and (3) species extinctions and introductions.
Sampling efforts and methods certainly differed between our and historical studies. It is unclear, how samples have been collected and sorted in the beginning of the 20th century (only dredging and observations were noted) as well as number and locations of stations remain unknown (Table 1) . However, according to the description, sampling sites were restricted to the western coast of the lagoon and the number of littoral sites visited along the sea-river gradient was most likely lower than in both later studies. In contrast to Szidat's data, results published by Gasiunas (1959) originated from the very extensive survey carried out in the entire lagoon using Ekman-Birge and Petersen grabs as well as benthic corer. Out of 213 stations approximately 60 were located in the lagoon's area, which has been also covered by our stations. Although many species were described from a littoral part and the author most likely visited numerous places, number of these shallow stations remains unclear. It can be concluded that, according to the efforts spent in sampling, Szidat's study can be considered as a very first compilation of sporadic results by the time. Sampling effort was considerably lower than in two later studies; therefore, most likely widespread and characteristic species (particularly for groups of molluscs and crustaceans) did occur in samples only. In contrast, comprehensive species list from 1950s (Gasiunas, 1959) exhaustively reflects lagoon's biodiversity status 50 years ago. Many sampling sites were located in the open part of the lagoon, whereas grid of shallow sampling sites is comparable with that of our study. Since littoral stations are more efficient in covering biodiversity, we do no anticipate major differences between these two datasets due to sampling design.
Differences in level of emphasis on distinct zoological groups are also obvious when analysing data from various surveys. In Szidat's list nematodes (meiozoobenthos was not considered in the present study) and gastropods were probably the best-covered groups of benthic invertebrates, with bivalves and crustaceans only being sporadically noted. Similarly, Gasiunas' study provided extensive list of gastropods, but sampling and identification of bivalves and particularly insects were much more precise. Although leeches were relatively well described in all studies, analysis of changes in this group was obscured by taxonomic revisions, which took place during the last decades (Nesemann & Neubert, 1999) . Therefore, considering taxonomic mismatches between the studies, analysis of long-term changes based on molluscs and malacostracan crustaceans is most reliable to reflect major trends in biodiversity changes.
In a context of taxonomical and methodolocical inconsistencies mentioned above, the most of possible species extinctions (from the major taxonomical groups of Mollusca, Crustacea and Hirudinea) are highly unlikely. Main explanations for missing species in the list of the recent inventory are rather trivial. One of such species, H. ventrosa is restricted to the brackish waters in the mouth of the Curonian Lagoon and can be permanently present during certain years (Bubinas & Vaitonis, 2005) . It is likely that hydrological conditions during the year of our inventory were less suitable for this species; however, its sporadic appearance in the future is likely due to established population in the coastal waters of the south-eastern Baltic Sea.
The Ponto-Caspian gastropod B. naticina is typical for large running waters and common in the River Nemunas (Zettler, Zettler, & Daunys, 2005) ; therefore occasionally the species may expand its range into the lagoon by river outflow. R. labiata and A. spirorbis may live in the innermost freshwater area of the lagoon within ditches and swamps. These species are typical for swampy areas and not characteristic for the habitats we sampled. On the other hand, it is not completely clear if the taxonomical nomenclature was used correctly in the historical studies (see Zettler, Zettler, & Daunys, 2005; Glo¨er & Zettler, 2005) . From the Hirudinea only Haemopis sanguinea was not observed in 2004, most likely due to the amphibian pattern of life.
Few exceptions should be emphasised in respect to species extinctions or remarkable decline in the occurrence. T. fluviatilis is one of the species, which both Szidat (1926) and Gasiunas (1959) accentuated as the common and of wide distribution over the brackish and fresh water parts of the Curonian Lagoon. Recently this gastropod was observed alive (and abundant) only in the relatively small brackish water area close to the sea. In the inner part of the lagoon, however, only empty (and old) shells were found. Cover of hard substrates due to increased organic material load in course of eutrophication might be one of possible explanations. Furthermore, high numbers of introduced amphipod species (see below) of the genera Pontogammarus and Obesogammarus are observed in the same habitat (under hard substrates) and may affect the dynamics of Theodoxus by predation on eggs and juveniles (q.v. Mu¨ller, Hendrich, Klima, & Koop, 2006) .
Other potentially extinct species are the amphipods Gammarus pulex and Gammarus lacustris found by Gasiunas (1959) in the central part of the lagoon. Szidat (1926) mentioned Gammarus pulex as possibly overlooked species, which may colonise the eastern part of the lagoon. This shows that Gammarus pulex (or relations) could not have been common during the 1920s. In 1950s, both species were found more than once in gravel bottoms and among bottom vegetation on sheltered sites (Gasiunas, 1959) . Later on these amphipods were not recorded in benthic communities, and the causes of their extinction remain unclear. In the Vistula River, the native European freshwater gammarid species Gammarus pulex was replaced already in the 1920s by the Ponto-Caspian Echinogammarus ischnus (Jazdzewski, Konopacka, & Grabowski, 2004) , which was not recorded in Lithuanian waters since its introduction in the 1960s (Arbacˇiauskas, 2005) . Native Gammarus duebeni and Gammarus zaddachi have been also replaced or at least outnumbered by the alien amphipods in the Vistula Lagoon (Grabowski, Konopacka, Jazdzewski, & Janowska, 2006) . Therefore, it is likely that numerous introduced amphipod species (see Appendix A.1) could occupy the niches previously colonised by Gammarus pulex or Gammarus lacustris. However, misidentification and a confusion with the one by Jazdzewski (1975) afterwards described Gammarus varsoviensis cannot be excluded. This species we found in a mouth tributary of the River Nemunas.
During the present study, numerous species were recorded for the first time for the Curonian Lagoon. Even if results from additional literature sources are taken into account (e.g. Daunys, 2001; Gasiunas, 1959; Grahle, 1935; Loosjes, 1937; Lundbeck, 1935; Szidat, 1926) , e.g. for the group of Mollusca, already more than 20 species were found for the first time (see Appendix A.1), but their occurrence is obviously not caused by recent introductions. Possible reasons could be (i) misidentification or ignore of the specific groups in earlier studies, (ii) different sampling methods or (iii) range expansion into the Curonian Lagoon from inland waters. In our opinion, the first two causes seem to be most likely. There are numerous examples of it, e.g. the taxonomical expertise for determining sphaeriid species (Pisidium and Sphaerium) is one reason for the enlarged species list in our study.
Approximately 10% of the species (16 species) have their origin outside the Baltic area. Particularly the introduced crustaceans were qualitatively and quantitatively dominant. Prominent representatives were the amphipods Chaetogammarus warpachowskyi, Corophium curvispinum, P. robustoides, O. crassus, Gammarus tigrinus and the mysids L. benedeni and Paramysis lacustris. Most of these species have a Ponto-Caspian origin and were introduced at the beginning of the 1960s in the tributary of the River Nemunas (Arbacˇiauskas, 2002) . Gammarus tigrinus, a native amphipod of North American estuaries, however, was observed in the Curonian Lagoon during this study for the first time (Daunys & Zettler, 2006) . Another North American species was the extremely tolerant euryhaline polychaete M. neglecta. This species was found permanently since its invasion in 1990 into the lagoon and is the only polychaete in the freshwater areas (Daunys, 2001 ). Most of the introduced molluscan species are established for several decades (e.g. Potamopyrgus antipodarum) and/or play an important role as an ecosystem engineer (D. polymorpha) (Daunys, Zemlys, Olenin, Zaiko, & Ferrarin, 2006) .
In respect to the WFD, the characterisation of macrozoobenthos biodiversity in coastal waters of the Baltic Sea will be necessary in order to define their ecological quality status. The present investigation provides the most complete picture available so far on littoral fauna of the Curonian Lagoon and can be used in the future assessment of the lagoon ecosystem. The importance of eutrophication could be stressed more, but the main problem is that most of the abundant species (in all time periods) are tolerant to natural stressors such as in estuaries. The difficulties in determination of anthropogenic stress via indices or indicators within a naturally organic-rich system is the ''paradox of estuarine quality'' (see Dauvin, 2007, p. 272) .
One of the main needs of the WFD is the inventory of the existing conditions of estuaries and monitor a few indicators over time at a limited number of sites. Therefore, benthic indicators in transitional waters have to be defined (Dauvin, 2007) . Datasets analysed in this study cover pristine (Szidat, 1926) , before major eutrophication (Gasiunas, 1959) and post-eutrophication periods. Theoretically both earlier studies may provide data for identification of reference status of the water body following guidelines to use historical information where available. Considering all benthos groups, generally minor changes relative to taxonomic and other inconsistencies between datasets are revealed by our expert-based comparison. Few potential species ''extinctions'' are lacking strong arguments and evidences for well-based explanations. Focusing on groups of higher accuracy of determination, major changes occurred due to introductions of alien species, which significantly increased local biodiversity. It remains unclear, how changes in a water body due to species invasions should be interpreted in a context of WFD.
Even in the very eutrophic lagoon, the number of species invasions obviously exceeds the number of recorded extinctions resulting in overall increase in species diversity. Therefore, preparation of a framework for assessment of the role of alien species diversity (xenodiversity, sensu Leppa¨koski & Olenin, 2000) in a local biodiversity should attain more efforts in the near future when implementing WFD.
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Appendix A.1
Comparative list of zoobenthos species recorded in the Curonian Lagoon by different authors is provided in Table A .1. Bubinas and Vaitonis (2005) . e Razinkovas (pers.comm.).
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Nemertini Prostoma obscura (Schultze) + À Rare 1 Turbellaria Bothromesostoma personatum (Schmidt) + À - - Dendrocoelium lacteum (O.F. Mu¨ller) + + Rare 7 Planaria polychroa (Schmidt) + À - À Planaria torva (Schultze) + + - - Polycelis nigra (Ehrenberg) + + - - Microstomum lineare (O.F. Mu¨ller) + + - - Plagiostomum lemani (Plessis) + À - - Stenostomum leucops (Schmidt) + À - - Turbellaria indet. À À Common 8 Nematomorpha Gordius aquaticus L. À + - - Mermis crassa (von Linstow) + + - - Gastropoda Acroloxus lacustris (L.) À + Rare 9 Ancylus fluviatilis (O.F. Mu¨ller) À À Rare 3À + - - Bathyomphalus contortus (L.) + À Rare 6 Bithynia leachii (Sheppard) + + Abundant 9 Bithynia tentaculata (L.) + + Common 19 Bithynia troschelii (Paasch) À À Common 5 Borysthenia naticina (Menke) + + - - Gyraulus albus (O.F. Mu¨ller) À À Rare 10 Gyraulus crista (L.) À À Rare 10 Gyraulus riparius (Westerlund) À À Rare 1 Hippeutis complanatus (L.) À À Rare 4 Hydrobia ventrosa (Montagu) À + - d - Lithoglyphus naticoides (C. Pfeiffer) À + Rare 4 Lymnaea stagnalis (L.) + + Common 12 Marstoniopsis scholtzi (A. Schmidt) À À Rare 2 Myxas glutinosa (O.F. Mu¨ller) À + Rare 1 Physa fontinalis (L.) + + Common 14 Planorbarius corneus (L.) + + Common 11 Planorbis carinatus (O.F. Mu¨ller) À + Rare 6 Planorbis planorbis (L.) + + Common 12 Potamopyrgus antipodarum (J.E. Gray) À + Common 10 Radix ampla (W. Hartmann) + + Rare 4 Radix auricularia (L.) À + Common 13 Radix balthica (L.) + + Common 16 Radix labiata (Rossma¨ssler) + + - - Segmentina nitida (O.F. Mu¨ller) À À Rare 2 Stagnicola corvus (Gmelin) À À Rare 3 Stagnicola palustris (O.F. Mu¨ller) + + CommonÀ + Rare 2 Crangon crangon (L.) À + - d - Eurydice pulchra Leach À + - d - Gammarus duebeni Lilljeborg À À Abundant 1 Gammarus lacustris G.O. Sars À + - - Gammarus oceanicus Segerstrale À À Rare 1 Gammarus pulex (L.) À + - - Gammarus tigrinus Sexton À À Common 7 Gammarus zaddachi Sexton + + Rare 1 Hemimysis anomala G.O. Sars À À - e - Limnomysis benedeni Czerniavsky À À Common 18 Neomysis integer Leach À + - d - Obesogammarus crassus (G.O. Sars) À À Abundant 20 Palaemon elegans (L.) À À Common 3
